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a b s t r a c t 
Background: In the face of pressure to contain costs and make best use of scarce nurses, flexible staff
deployment (floating staff between units and temporary hires) guided by a patient classification system 
may appear an efficient approach to meeting variable demand for care in hospitals. 
Objectives: We modelled the cost-effectiveness of different approaches to planning baseline numbers of 
nurses to roster on general medical/surgical units while using flexible staff to respond to fluctuating de- 
mand. 
Design and setting: We developed an agent-based simulation, where hospital inpatient units move be- 
tween being understaffed, adequately staffed or overstaffed as staff supply and demand (as measured by 
the Safer Nursing Care Tool patient classification system) varies. Staffing shortfalls are addressed by float- 
ing staff from overstaffed units or hiring temporary staff. We compared a standard staffing plan (baseline 
rosters set to match average demand) with a higher baseline ‘resilient’ plan set to match higher than 
average demand, and a low baseline ‘flexible’ plan. We varied assumptions about temporary staff avail- 
ability and estimated the effect of unresolved low staffing on length of stay and death, calculating cost 
per life saved. 
Results: Staffing plans with higher baseline rosters led to higher costs but improved outcomes. Cost sav- 
ings from lower baseline staff mainly arose because shifts were left understaffed and much of the staff
cost saving was offset by costs from longer patient stays. With limited temporary staff available, changing 
from low baseline flexible plan to the standard plan cost £13,117 per life saved and changing from the 
standard plan to the higher baseline ‘resilient’ plan cost £8,653 per life saved. 
Although adverse outcomes from low baseline staffing reduced when more temporary staff were avail- 
able, higher baselines were even more cost-effective because the saving on staff costs also reduced. With 
unlimited temporary staff, changing from low baseline plan to the standard cost £4,520 per life saved 
and changing from the standard plan to the higher baseline cost £3,693 per life saved. 
Conclusion: S hift-by-shift measurement of patient demand can guide flexible staff deployment, but the 
baseline number of staff rostered must be sufficient. Higher baseline rosters are more resilient in the 
face of variation and appear cost-effective. Staffing plans that minimise the number of nurses rostered in 
advance are likely to harm patients because temporary staff may not be available at short notice. Such 
plans, which rely heavily on flexible deployments, do not represent an efficient or effective use of nurses. 
Study registration: ISRCTN 12307968 
Tweetable abstract Economic simulation model of hospital units shows low baseline staff levels with 
high use of flexible staff are not cost-effective and don’t solve nursing shortages. 
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w  What is already known about the topic? 
• Because nursing is the largest staff group, accounting for
a significant proportion of hospitasl’ variable costs, nurse
staffing is frequently the target of cost containment mea-
sures 
• Staffing decisions need to address both the baseline staff
establishment to roster, and how best to respond to fluc-
tuating demand as patient census and care needs vary 
• Flexible deployment of staff, including floating staff and
using temporary hires, has the potential to reduce expen-
diture while meeting varying patient need, but high use of
temporary staff may be associated with adverse outcomes.
What this paper adds 
• Low baseline staff rosters that rely heavily on flexible staff
provide cost savings largely because units are often left
short staffed, leading adverse patient outcomes and in-
creased non-staff costs. 
• A staffing plan set to meet average demand is cost effec-
tive compared to a plan with a lower baseline. 
• A staffing plan with a higher baseline, set to meet demand
90% of the time, is more resilient in the face of variation
and may still be highly cost effective 
. Introduction 
In the face of pressure to contain costs and to use nursing staff,
ho are in short supply, as efficiently as possible, it is important
o understand how best to plan staffing on hospital units. Key de-
isions relate to the balance between the baseline staffing level to
outinely roster (schedule) and the use of flexible staffing (floats
nd temporary hires) to meet variation in demand caused by vari-
tion in census and the needs of patients. The goal is to ensure
hat the unit staffing system is able to meet fluctuating demand
hile avoiding wasteful use of human resources and the associated
osts. Flexible approaches to staffing deployment to meet variable
emand for care have been advocated as a way of ensuring staffing
evels are maintained in the face of nursing shortages ( Aiken et al.,
013 ). Some studies have claimed that flexible staffing plans are
uperior to fixed plans ( Kortbeek et al., 2015 ) but concerns have
een raised about potential adverse effects on quality from high
se of temporary staff (e.g. Bae et al., 2015 2010 ; Dall’Ora et al.,
019b ). 
In addressing staff shortages, it is important to test assumptions
bout efficient and effective staff deployment. In a recent review of
taffing tools, we found that there is a dearth of evidence about the
erformance of staffing methods in practice and, in particular, lit-
le evidence of the costs and effectiveness of different approaches
o determining nurse staffing requirements ( Griffiths et al., 2020a ).
lthough there is some evidence that tools in use can measure de-
and, it is not clear that they identify an optimal staffing level,
or do tools intrinsically address how to schedule staff in advance
o meet anticipated variation in demand. 
Managing staffing to address variation in demand is a major
hallenge. Studies have shown substantial variation in demand for
ursing care between different hospital units but also from day
o say within a unit ( Davis et al., 2014b ; Griffiths et al., 2018 ;
an den Heede et al., 2009 ). Rather than operating with a high
aseline staff to accommodate anticipated peaks, flexible deploy-
ent of staff is often assumed to be the most efficient approach to
eeting such variable demand but there is a lack of evidence for
ost-effectiveness or the appropriate balance between the core es-
ablishment and flexible deployments ( Dall’ora and Griffiths, 2018 ).
ecause the adverse effect of low nurse staffing has been demon-
trated in many studies and is now widely accepted, there haseen much focus on mandatory staffing policies and minimum
taffing ratios ( Driscoll et al., 2018 ; Griffiths et al., 2016 ; Kane et al.,
007 ). However, the use of ratios is often considered inflexible and
nefficient ( Buchan, 2005 ) and even when such a policy is in oper-
tion the challenge remains to ensure the proper balance between
ermanent staff who are rostered in advance, and flexible staffing
n order to maintain the required staffing level as demand varies. 
In a previous publication, Saville et al. (2021) we explored
ifferent staffing policies guided by the Safer Nursing Care Tool
 The Shelford Group, 2014 ). The Safer Nursing Care Tool (often re-
erred to by initials SNCT or as the ‘Shelford Tool’) is a patient clas-
ification system. It is used in most English National Health Ser-
ice Hospitals to guide baseline establishments (that is the num-
er of nurses to employ) and, increasingly, daily staff deployments
 Ball et al., 2019 ) informing decision about redeployment of staff
etween units (floating) or the hiring of temporary staff from the
ospital internal pool (bank) or external staffing agencies. In an
xtensive literature review we found no evidence to determine
he cost effectiveness of different ways to use such tools to guide
taffing decisions ( Griffiths et al., 2020a ). 
In our previous study, we used a simulation model to compare
 standard staffing plan, following Safer Nursing Care Tool recom-
endations, where baseline staffing was set to meet average de-
and, with two alternatives. Firstly, we considered a staffing plan
n which fewer staff are rostered routinely, where the emphasis
s on the use of flexible deployments, anticipating that most fluc-
uations in demand would be met by internal redeployment and
se of temporary staff. Secondly, we considered a staffing plan in
hich the baseline staff to be rostered is set at a level that is
igher than the mean and is designed to be sufficient to cope with
ost peaks in demand. While still using flexible staffing, this plan
mphasised the resilience of the baseline roster in the face of vary-
ng levels of demand. 
We found that if the number of staff from the permanent es-
ablishment rostered on each shift was set at a low level, costs
ere reduced, but this apparent efficiency was achieved by leav-
ng many shifts understaffed, lar gely because of the limited avail-
bility of staff to float between units or fulfil short notice requests
or additional temporary staff ( Saville et al., 2021 ). Both the levels
f understaffing and cost savings were highly dependent on our
ssumptions about the availability of temporary staff. When more
emporary staff were available, understaffing was less common but
onsequently cost savings were much reduced. In this paper, we
onsider this further, extending our models to consider the cost-
ffectiveness of the different approaches. 
. Methods 
Using data from an observational study in general inpatient
nits (wards) of acute care hospitals, we developed a simulation
odel of demand for unit based inpatient nursing. We used this
o test various staffing plans guided by the Safer Nursing Care Tool
atient classification system ( Griffiths et al., 2020b ; Saville et al.,
021 ), simulating the staffing levels achieved on each unit and for
ach shift in the face of variable demand and variable supply of
taff. We then estimated the costs and consequences of the result-
ng staffing levels in an economic model, calculating cost per life
aved using estimates of the effects of low staffing on length of
tay and risk of death derived from a recent study ( Griffiths et al.,
018 ). 
.1. Staffing plans 
We considered and compare three staffing plans. In the ‘stan-
ard’ plan, a baseline number of staff are rostered (scheduled) to
ork on each unit, set at a level designed to meet average demand
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Table 1 
Staffing scenarios tested in the simulation model. 
Staffing plans ∗
low baseline (flexible) Staff roster set to meet 80% of average demand measured by the Safer Nursing Care Tool patient 
classification system across 20 days, set to provide minimum coverage with high use of flexible staffing. 
Standard (reference) Staff roster set to meet average demand measured by the Safer Nursing Care Tool across 20 days, as 
recommended by the tool guidelines. 
high baseline (resilient) Staff roster set to meet 90th percentile of demand measured by the Safer Nursing Care Tool across 20 days. 
Designed to meet demand through permanent staff on 90% of days if all rostered staff attend. 
Scenarios – variation in temporary 
staff availability 
No temporary staff No bank or agency staff available 
Observed Empirical availability of temporary staff ( < 50% chance of fulfilled requests for all staff types and times of 
day). Based on data for temporary staffing request fulfilled for one of the participating hospitals see 
supplementary material, Table 4. 
Higher availability Bank/agency staff requests each have 50% chance of being fulfilled. Thus this assumes higher availability of 
temporary staff than the core assumption. 
Unlimited availability Bank staff requests have 50% chance of being fulfilled and agency staff requests have 100% chance of being 
fulfilled. 


































































s  bserved on that unit, as measured by the patient classification
ystem. This reflects the typical approach to using staffing tools
here the mean average of staffing requirements is used to guide
ecision-making ( Griffiths et al., 2020a ). 
All staffing plans incorporate flexible staffing guided by the de-
and presented by the patients on each unit on each day, again
easured by the patient classification system. If on any given shift
emand for staff on any unit is relatively low (for example because
f low census or lower than usual patient acuity), excess staff are
vailable to float other units. If the required hours of nursing care
n any given shift exceeds the hours that are available from ros-
ered staff on a unit, then ‘excess’ staff can be floated from another
nit within the same broad specialty, defined by the hospitals or-
anisational structure (e.g. general medical / surgical). If it is not
ossible to make up the shortfall with float staff, then temporary
taff can be hired from a pool of internal ‘bank’ staff or an external
gency. Bank staff include staff employed by the hospital but with-
ut fixed hours or assignments, or staff available to work voluntary
vertime and so bank hours includes voluntary overtime. 
The first alternative staffing plan aims to make more use of flex-
ble staffing, and so has a lower number of staff on the baseline
oster than the standard plan. We term this plan ‘flexible’ because
he low baseline staff means that it is anticipated that most varia-
ion in demand would require the use of these flexible temporary
ssignments while baseline rosters are set to meet minimal rou-
inely observed demands. 
In the second alternative plan, rosters are set at a higher level
han the standard plan, anticipating that most upward variation in
emand can be met by the staff who are rostered. Although this
lan also uses flexible staffing, we term this plan ‘resilient’ because
he emphasis is on having enough staff available to meet variation
n needs within the routinely scheduled rosters, without recourse
o additional measures. See Table 1 for details. 
.2. Simulation model 
We developed a simulation in the software AnyLogic researcher
dition version 8.3.2. ( The AnyLogic Company, 2019 ). The simula-
ion is an example of a Monte Carlo simulation since many in-
ut parameters (such as absence rates and demand for nurses) are
tochastic, so are modelled as random variables following probabil-
ty distributions. Fig. 1 shows the main simulation steps, and both
 video of the simulation in action ( Saville and Monks, 2019 ) and
 detailed model description following the STRESS reporting guide-
ines for agent-based simulations ( Monks et al., 2019 ) are available
see Supplementary material Appendix 1). Daily demand for nursing care was simulated using the Safer
ursing Care Tool acuity dependency measure ( The Shelford
roup, 2014 ). To provide parameters for our models, we under-
ook an observational study over one year (2017) in 81 general
adult) medical/surgical inpatient units in three hospitals, in Lon-
on, South East and South West England ( Griffiths et al., 2020b ;
aville et al., 2021 ). Because estimates for mortality and the effect
f low staffing on length of stay used in the present analysis (see
elow) applied to general medical and surgical populations, we ex-
luded a specialist cancer hospital that participated in the parent
tudy from this aspect of the study. 
The base number of staff to be scheduled on each unit / shift
as determined by taking a 20-day sample of daily patient acu-
ty and dependency measures from each unit, as recommended
hen using the Safer Nursing Care Tool for establishment setting
 The Shelford Group, 2014 ). The number of full-time nurses to be
mployed (the establishment) was converted into daily hours, re-
oving the uplift for annual leave, staff education and other time
way from the unit. The daily staff hours were distributed across
hifts based on the distribution observed on each unit. Similarly
































































































































(  he skill mix between registered nurses and assistants was based
n the observed skill mix for each unit. 
In the simulation, units are the ‘agents’ that move between
eing understaffed, adequately staffed or overstaffed as supply of
taff and demand from patients varies. The daily census and the 
cuity/dependency of patients, varied based on parameters derived
rom the observational study, was used to simulate variable de-
and for nursing care. Additionally we included one-to-one spe-
ialing requirements in the demand measure ( Wood et al., 2018 ),
ased on the observed use of such staff in each unit. To reduce
omputational complexity, we did not model the year in order but
ather took a random draw from the demand data for each ward
or each shift. Where units had experienced substantial changes
hat might necessitate different numbers of staff scheduled, e.g. ex-
ra beds in winter, we only used the data from the unit before the
hange. 
Starting with a base number of staff rostered on each unit on
ach shift, the model simulates short-notice staff absence due to
ickness. The model then attempts to address any staffing shortfalls
elative to that day’s demand from patients, firstly by redeploying
floating) staff from overstaffed to understaffed units, secondly by
iring staff from an internal bank of hospital employees and thirdly
iring from an external agency. 
In all cases, registered nurses are substituted for registered
urses, and assistants are substituted for assistants. A thresh-
ld of 15%, corresponding to the tolerance used in the RAFAELA
taffing tool, was used to trigger attempts to fill staff shortfalls
 Fagerström et al., 2014 ). We assumed rates of unanticipated ab-
ence through short notice sickness of 4% for assistants and 3%
or registered nurses, approximating known differences in sickness
bsence between these groups ( Dall’Ora et al., 2019a ). Current na-
ional sickness rates for all nursing staff are 4.5% (Moberly, 2018),
ut longer term sickness absence can be anticipated and tempo-
ary staff or overtime added to the roster and so this was not
onsidered separately. The availability of temporary staff was, ini-
ially, based on the empirical availability to fill short notice re-
uests as reported by one of the participating hospitals. Tempo-
ary staff availability varied by time of day and day of the week
ut was always less than 50%, often considerably so (see supple-
entary material Table 5). Because such constraints are likely to
e dependent on local labour market conditions, we also consid-
red both a higher and unlimited availability of temporary staff as
ell as a scenario where there was no availability of temporary
taff and the only flexible staff availability was floating staff from
ver staffed units (see Table 1 ). All allocations, hires and redeploy-
ents are subject to constraints about whole people, who must be
eployed for a half/whole shift. For each shift, we calculated the
chieved staffing relative to patient need. 
.3. Model validation 
Throughout model development, we performed verification
checking correct implementation of the model in simulation soft-
are) and validation (checking that we built an appropriate and
ufficiently accurate model). Full details of the validation are given
n Griffiths et al. (2020b) . We worked closely with nurses with
esponsibilities for workforce at the participating hospitals, who
greed assumptions and sense-checked results. We also presented
nd discussed early versions of the simulation model and results
ith the project steering group, which included nursing research,
athematical modelling and nursing workforce experts. We tested
he model’s sensitivity to a number of key assumptions and found
hat neither staffing costs nor the rate of over / understaffed shifts
ppeared to be greatly affected by most assumptions such as the
ickness / absence rates or the relative efficiency of temporary
taff. The only assumption that made very large differences to thearameters estimated by the model related to the availability of
emporary staff. 
The estimated required staffing levels corresponded closely
o the staffing actually deployed in the participating hospitals
 Griffiths et al., 2020b ). Estimated daily staff costs were similar
£140–150 per patient day) to actual costs. Since we assumed that
ospitals were able to employ the staff needed to fill baseline ros-
ers and did not consider staff rostered to cover longer term sick-
ess, the level of temporary staff actually used in the participat-
ng hospitals was generally higher than in our models, as were the
taff costs. We ran the model 10 times for each hospital and for
 range of staffing scenarios, and calculated 95% confidence inter-
als around the means to assess the errors around the estimates.
he confidence intervals were narrow, for example, for the stan-
ard staffing scenario, the intervals for costs were < £0.25 per pa-
ient day. 
.4. Staffing scenarios and cost effectiveness 
We used the model to conduct a series of simulated experi-
ents to explore the effect of different staffing plans on achieved
taffing levels, the costs of staffing and patient outcomes by vary-
ng a number of parameters. The staffing plans and scenarios for
emporary staffing availability are detailed in Table 1 . 
We took a limited perspective on costs, focussing on nurse
taffing costs and reduced resources in terms of bed utilisation.
he costs were for 2017 and no discounting was applied because of
he short-term time horizon. Prices are in Great British Pounds (£)
terling. Using the 2017 Organisation of Economic Cooperation and
evelopment (OECD) purchasing power parities, £1 had equivalent
urchasing power to $1.46 US ( https://data.oecd.org/conversion/
urchasing- power- parities- ppp.htm ). Hourly employment costs for
ubstantive staff at each pay band were estimated using the mean
osts for each band reported in the Unit Costs of Health and Social
are ( Curtis and Burns, 2017 ). Salary and additional employer costs
ncluding pension contributions were included to derive a total
ost for substantive and bank staff. Costs for agency staff were es-
imated using NHS guidance applicable to the study period, which
et a cap on payment rates designed to reduce costs ( NHS Im-
rovement, 2018a ). This therefore represents a low estimate. The
aily unit staffing costs include allowances for working unsociable
ours, in accordance with the Agenda for Change framework, using
ultipliers applicable to the study period ( Nursing Times, 2008 ).
ee supplementary material Table 6. 
The effects of each alternative staffing plan on length of stay
nd the risk of death relative to the standard plan were estimated
sing regression coefficients from a recent longitudinal study of
he effect of variation in nurse staffing on patient outcomes (see
upplementary material Table 7) undertaken in one of the partici-
ating hospitals ( Griffiths et al., 2018 2019 ). This study was chosen
ecause of the direct connection to staffing data for the current
tudy and the robust longitudinal design using patient level expo-
ure to variation in nurse staffing as the independent variable. All
lternative estimates we identified were from cross-sectional stud-
es or different countries. Although direct comparisons with other
tudies of patient level exposure with longitudinal design is not
ossible due to different measures of low staffing, the observed
ffects were broadly similar in magnitude (e.g. Needleman et al.,
011 ). 
We used data from the ‘standard’ staffing plan to determine a
nit mean staffing level against which low staffing was judged. We
ummed the days of low staffing across all units. We calculated the
ean change in staffing levels associated with each staffing plan.
s there is some evidence that using high levels of temporary staff
 > 1.5 h per patient day) can have an adverse effect on mortality
 Dall’Ora et al., 2019b ) we also summed days with high temporary
P. Griffiths, C. Saville, J.E. Ball et al. / International Journal of Nursing Studies 117 (2021) 103901 5 
Table 2 
Achieved staffing levels and daily costs for different staffing plans with varying temporary staff availability. 
Measure Temporary staff availability 
Limited Higher Unlimited 





















£140 £133 £118 £145 £140 £132 £149 £144 £138 
RN HPPD 3.9 3.6 3.2 4.1 3.8 3.6 4.2 4.0 3.9 
NA HPPD 3.6 3.5 3.1 3.7 3.6 3.3 3.8 3.7 3.6 



































































































taffing. From data for each unit on each day, we calculated the
verall risk of exposure to low staffing and high temporary staffing.
e estimated both staff costs and net costs after taking into ac-
ount the value of bed days saved. The cost of changes in length of
tay were estimated using the 2017/18 national average reference
ost for a non-elective excess bed day (£337)( NHS Improvement
018b ), a likely conservative assumption as it assumes that there
re no specific treatments costs associated with extended stay. 
We identified mortality rates and average length of stay for
he hospitals from published data ( NHS Digital 2018a ; NHS Digi-
al, 2018b ) and used these as the assumed baseline for the stan-
ard staffing plan. We calculated the change in the number of
eaths by subtracting the number of deaths associated with the
standard’ staffing plan from the number of deaths estimated in
he new scenario (( exposure ∗ Risk Ratio ∗ baseline risk ∗ pop-
lation) – baseline death rate). We estimated ‘numbers needed to
reat’ (NNT) or ‘numbers needed to harm’ (NNH) ( Cook and Sack-
tt, 1995 ) associated with each alternative plan using the formu-
ae NNT = 1/ARR or NNH = 1 /ARI (where ARR and ARI are the abso-
ute risk reduction and increase respectively). These figures repre-
ented the number of patients who would need to be exposed to
 given staffing plan (on average) to ‘save’ (or lose) one additional
ife. We calculated the incremental cost effectiveness of alternative
lans ( cost/ mortality) relative to the ‘standard’ plan. Our pri-
ary analysis considered the effect of low staffing only on mor-
ality. Our secondary analysis additionally considered the effect of
xposure to high levels of temporary staffing. 
Given the narrow confidence intervals for parameters produced
y the simulation coupled with the computational time involved in
unning the models for multiple hospitals and multiple scenarios,
ata were generated from a single model run (365 days) for each
f three different hospital configurations and we report results as
n unweighted average of the three with incremental cost effec-
iveness ratios calculated as average change in outcomes / average
hange in costs. The underlying data generated by the model com-
rises 677,809 patient days and 29,565 unit days. We undertook
ensitivity analyses to determine the impact of a number of pa-
ameters used in the economic model, including relative staff costs
nd the estimated effect of low staffing on mortality. 
.5. Approvals and permissions 
The study was prospectively registered (ISRCTN 12,307,968),
thical approval was granted by the University of Southampton
ergo ID 18,809) and permission to undertake the research was
ranted by the Health Research Authority (IRAS ID 190,548). 
. Results 
When availability of temporary staff was limited to the em-
irically observed level, the estimated staff cost per patient dayor the standard staffing plan was £133, with a mean achieved
taffing level of 3.6 registered nurse hours and 3.5 nursing as-
istant hours per patient day. Across all units achieved staffing
as, on average, 9% below the measured requirement, with 90% of
ards between 2% understaffed and 16% understaffed on average.
istributions of both required and achieved staffing varied by unit,
ut typically showed a slight positive skew (median 0.6). Sixteen
er cent of units (13/81) showed a strong positive skew ( > 1) in
equired staffing and 14% (11/81) showed a strong positive skew in
chieved staffing. Only one ward showed a strong negative skew
n achieved staffing. Both required (median 0.7) and achieved
taffing (median 1.1) tended to positive kurtosis, meaning there
ere more values in the tails of the distribution (further from the
ean) than expected under a normal distribution, with 52% (42)
f units having kurtosis of > 1 for achieved staffing. 
The achieved staffing level was lowest for the low baseline flex-
ble staffing plan and highest for the high baseline resilient plan
 Table 2 ) although differences between the plans reduced as the
ssumed availability of temporary staff increased. The achieved
taffing levels and costs for the high baseline staffing plan were
uch less sensitive to changes in the availability of temporary staff
han were the other plans. 
Staffing plans with higher baseline staff (standard vs low base-
ine and high baseline vs standard) were associated with higher
osts but shorter lengths of stay and fewer deaths ( Table 3 ). As the
ssumed availability of temporary staffing increased, differences in
utcomes and costs between staffing plans reduced. Staffing plans
ith higher baseline staffing became more cost effective (less ad-
itional cost per improved outcome) as temporary staffing avail-
bility increased. 
Where the availability of temporary staff was limited (based on
he observed availability), the high baseline resilient staffing plan
ncreased staffing costs by 5.5% whereas the low baseline flexi-
le staffing plan reduced staff costs by 10.8% compared to stan-
ard plan. When the availability of temporary staff was unlimited,
he high baseline plan was associated with a 2.9% increase in staff
osts while the low baseline plan was associated with a reduction
f 1.6%. 
However, while lower baseline staffing plans were associated
ith reduced staff costs, they were also associated with worse out-
omes because the achieved staffing levels were lower, despite the
se of flexible deployments. With limited temporary staff availabil-
ty, the high baseline resilient staffing plan was associated with a
.2% reduction in the average length of hospital stay, and a 4.5%
eduction in the relative risk of death, equating to one life saved
or every 665 patients admitted to a hospital (number needed to
reat). By contrast, with the low baseline flexible plan, many shifts
ere left critically understaffed, and consequently there was a 1.7%
ncrease in the average length of hospital stay and an 8.3% increase
n the risk of death, equating to one additional death for every 361
atients. 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































c  The outcomes for the low baseline flexible staffing plan were
ore sensitive to the availability of temporary staff than were
hose for the resilient plan. If no temporary staff were available,
hen deaths were increased by 13.4% with a flexible staffing plan
relative to the standard plan), whereas with unlimited temporary
taff availability deaths were increased by only 1.9%. For the re-
ilient plan the equivalent range reduction in death ranged from
.5% with no temporary staff availability to 3% with unlimited tem-
orary staff. 
Compared to the low baseline flexible plan the standard staffing
lan staff cost £ 21,766 per life saved when availability of tempo-
ary staff was limited. Much of the additional staff cost is offset
y the value of reduced hospital stays. The net cost per life saved
as £13,117. Similarly staff costs per life saved associated with the
igher baseline resilient plan were £19,437 (compared to the stan-
ard plan). More than 50% of this cost was offset by the value of
he reduced length of stay, leading to a net cost of £9506 per life
aved. 
Although the adverse effects of plans with lower baseline
taffing were reduced with higher temporary staff availability, the
elative cost-effectiveness of higher staffing was more favourable
nder these circumstances. For example, with unlimited tempo-
ary staff availability the net cost per life saved for the standard
lan relative to the flexible plan is only £4250, while the cost per
ife saved for the resilient plan relative to the flexible plan was re-
uced to £3963. 
Our primary analysis assumed that temporary staff are as effec-
ive as permanent staff and so adverse outcomes result from un-
erstaffing alone. There is some evidence that high levels of tem-
orary staffing can have an adverse effect on patient outcomes and
o we also considered these additional adverse effects of tempo-
ary staffing on mortality (see Table 3 ). The estimated mortality
ssociated with lower baseline staffing was increased when consid-
ring an adverse effect from high levels of temporary staff. In the
rimary analysis higher availability of temporary staff tended to re-
uce the difference between plans and mitigate the adverse effects
f lower baseline staffing. This was not the case when an adverse
ffect of high temporary staff was included. When unlimited tem-
orary staff were available the low baseline flexible staffing plan
as associated with a 15.1% increase in mortality compared to the
tandard plan. 
Consequently, if a negative effect from high temporary staff was
ssumed, the cost effectiveness of higher baseline staffing was fur-
her improved, particularly when comparing standard staffing to
he low baseline ‘flexible’ staffing plan and when temporary staff
vailability was higher. For example, the net cost per life saved for
he standard plan compared the low baseline plan was only £515
er life saved (compared to £4250 in the primary analysis with no
dverse effect from high temporary staff). 
.1. Sensitivity analyses 
We undertook a series of sensitivity analyses. Although the pat-
ern of results was largely unchanged by variation in model param-
ters, the magnitude of differences between staffing plans was sen-
itive to core parameters in the model, although these differences
ere generally unlikely to change substantive conclusions about
ost effectiveness. Table 4 illustrates this by showing the change in
et cost per life saved for the high baseline resilient staffing plan
elative to the standard plan for limited and unlimited availability
f temporary staff associated with alteration of some core param-
ters. 
The most significant sensitivity was the estimated effect of low
taffing on mortality. Taking the upper bound of the 95% confi-
ence interval for the mortality effect considerably reduced the
ost per life saved, whereas taking the lower bound increased it.
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Table 4 
Effect of changing model parameters on net cost per life saved for high baseline resilient vs standard staffing plan with 
limited and unlimited availability of temporary staff. 
Parameter alteration Change in cost per life saved estimate 
Limited temporary staff Unlimited temporary staff
Mortality estimate at upper 95% CI -£3705 -£2187 
Mortality estimate at lower 95% CI £18,377 £11,019 
Additional bed day cost + 25% -£2729 -£2736 
Cost of agency staff + 25% -£870 -£4312 
Cost of agency staff= cost of bank staff £348 £1724 
Cost of bank staff= cost of permanent staff -£233 -£1105 
No floating of staff between units £2477 £2146 






































































































v  ith limited availability of temporary staff net cost per life saved
as increased by £18,377 if the low bound estimate of the effect
n mortality was used. 
In our original model, we assumed that bank staff were cheaper
han permanent staff (because pension costs were reduced) and
hat agency staff were paid at the rate capped by NHS Improve-
ent guidance. Changing these assumptions, including changing
he assumptions so that bank and agency staff had similar costs
equivalent to sourcing all temporary staff from the bank) made
ost difference when unlimited availability of temporary staff was
ssumed and only small differences when availability was limited.
 25% increase in agency staff costs substantially reduced the cost
er life saved associated with higher baseline staffing when tem-
orary staff availability was unlimited. 
If no floating of staff from overstaffed units to understaffed
taffed units was permitted, the cost per life saved associated with
he resilient staffing plan increased, although the magnitude of the
ifference was small relative to the impact of assumptions about
he availability of temporary staff (see supplementary material Ap-
endix 1). 
The main model results are based on the unweighted average
f models built with data and unit configurations of three differ-
nt hospitals. Individual hospital results varied in their magnitude
ut the pattern of results for the relative costs or effects of dif-
erent staffing plans and the impact of varying availability of tem-
orary staff was generally consistent (supplementary material Ta-
le 9). However, for one hospital, the staff costs under the flexible
taffing plan were marginally more expensive than for the stan-
ard plan if there was unlimited availability of temporary staff. In
ll cases the net cost per life saved for the resilient staffing plan
as < £15,0 0 0 when temporary staffing was available. 
. Discussion 
In this study, we undertook a series of simulation experiments
o understand the relative cost-effectiveness of three staffing plans.
he plans differed in the level of baseline nurse staffing planned
n the roster (schedule) but all used flexible deployments to meet
aily variation in demand. Although low baseline staffing and use
f flexible staff deployment to meet peaks in demand is often as-
umed to be economically efficient, we found that staffing plans
ith higher baseline staffing appeared to be cost-effective com-
ared to plans with lower baseline staffing. 
Under a staffing plan with baseline staffing set at a low level,
here the use of flexible staff to meet varying need was empha-
ised, we found that variation in demand could not be effectively
ddressed by floating staff from overstaffed units or hiring tempo-
ary staff whose availability is limited. Although staff costs were
educed when compared to a standard plan, economic efficiency
as achieved in large part because many shifts were left under-
taffed, leading to adverse consequences for patient care. Patient
eaths were increased. Because length of stay was also increasedhe net cost savings from reduced staff were much less than in-
icated by the saving on direct staff costs. As the availability of
emporary staff increased, understaffing associated with the low
aseline staffing plan was reduced but so were the cost savings
ompared to the standard staffing plan. Conversely, a higher base-
ine staffing plan, which emphasised resilience and was set to meet
ost peaks in demand, was more expensive but delivered better
utcomes. Additional costs were partly offset by savings from re-
uced hospital stays. 
In the face of ongoing nurse shortages, a flexible staffing pol-
cy that relies on a minimal core staff and makes heavy use of
emporary assignments to deploy scarce staff to meet need seems
ighly appealing. The priority is, by implication, to avoid the appar-
nt inefficiency of ‘overstaffing’, treating it as a risk to be avoided
hat is equivalent to understaffing ( Saville et al., 2019 ). However,
ur findings challenge a number of key assumptions underlying
uch an approach. Distributions of demand are not symmetrical
or many units, and understaffing was far more common than
verstaffing in both our simulation and our empirical observations
 Griffiths et al. 2020 ; Saville et al., 2021 ). With a low baseline,
he risk of understaffing is higher and there is less likelihood that
ny given unit is overstaffed. Therefore fewer staff are available to
oat to understaffed units. Consequently, the demand for tempo-
ary staff from other sources (in this study an internal bank or an
xternal agency) is increased, as is the risk that shifts remain un-
lled. 
Any strategy designed to balance the risk of overstaffing and
nderstaffing must recognise that there is considerable ‘salvage
alue’ associated with an apparent excess of staff ( Davis et al.,
014a ). Any excess staff clearly have value because they could
e deployed elsewhere, but when not redeployed they will still
e adding value directly on their home unit even though appar-
ntly ‘surplus’ to requirements. This is because the criteria used
o identify the required staffing level is not set at a level beyond
hich there is zero or a diminishing effect from adding additional
taff. Instead, the target staffing level is defined to meet a subjec-
ively defined level of quality ( Fagerström et al., 2014 ; The Shelford
roup, 2014 ) and there is evidence that outcomes and quality of
are improve further when staffing is at levels above those pre-
cribed by current norms ( Fagerstrom et al., 2018 ; Griffiths et al.,
020b ; Junttila et al., 2016 ). Furthermore, higher nurse staffing is
ikely to contribute more value beyond that considered here, where
e focus on a single effect, the risk of death. There are other ben-
fits associated with higher staffing that are of value to patients,
ncluding avoidance of adverse events that fall short of death and
mproved patient experience (e.g. Bridges et al., 2019 ; Shang et al.,
019 ). 
With many countries experiencing staff shortages, the goal of
igher baseline staffing may seem simply unachievable. However,
t is only when the availability of temporary staff is not limited
t all that the low baseline flexible staffing plan appears to be
iable in terms of avoiding a substantial negative impact on





































































































































atient outcomes. Under these circumstances, the cost savings are
argely eroded and the cost per life saved associated with staffing
lans using higher baseline staff deployed on units is modest.
urthermore, if adverse effects from high levels of temporary staff
re considered, adverse outcomes could still remain at a high
evel. Perhaps most striking of all in the context of labour market
hortages, under these circumstances the average achieved staffing
evels under the flexible staffing policy come close to those of the
ther policies and so there is little reduction in overal demand
or staff. In our models, we assumed that temporary staff were
qually as efficient as permanent staff. In some cases, for example
here the flexible staff are staff from the home unit undertaking
vertime, this assumption may be warranted but in most circum-
tances, this is unlikely to be the case ( Duffield et al., 2020 ). There
s little indication that this flexible staffing plan achieves a more
fficient deployment of a scarce staffing resource or substantially
educes overall demand for that scarce resource. Rather it may
imply be an inefficient way of deploying much the same resource.
Superficially, our findings appear to contradict those of
ortbeek et al. (2015) and others who have modelled the bene-
ts of flexible staffing. However, many previous modelling stud-
es have been based on achieving particular nurse to bed or pa-
ient ratios without taking into account variation in need at the
atient level or the impact on quality and outcomes ( Saville et al.,
019 ). Kortbeek et al. described a flexible staffing model based on
ourly bed census predictions as ‘efficient’, although the productiv-
ty gains relative to a fixed staffing solution were modest for most
f the scenarios considered ( Kortbeek et al., 2015 ). In our study all
he scenarios considered were ‘flexible’ in so far as they all call on
edeployments and temporary staff to meet varying demand. Our
tudy focussed on the best approach to determining the baseline
taff levels in the face variation and real life constraints on staff
vailability. Similar to Kortbeek et al. (2015) we show that floating
f staff between units makes a modest but important contribution,
hich appears to improve the cost-effectiveness of higher baseline
taffing levels. Crucially, neither Kortbeek’s result nor ours can be
sed to support low baseline staffing levels as a means to achieve
n efficient flexible staffing policy. 
Even if the only consideration was reduced staff costs, sav-
ngs from lower baselines are smaller than assumed because of in-
reased hospital stays, which result from complications and delays
n discharge preparation ( Needleman et al., 2006 ). Little saving is
ade when there is unlimited temporary staff availability, but out-
omes remain worse in part because of the ‘trigger effect’ whereby
hort staffing has to be of sufficient magnitude to warrant an ad-
itional staff member being scheduled for a significant proportion
f a whole shift. 
Our findings are more consistent with those of
arper et al. (2010) , who modelled demand for nursing care
ith a similar measure to that used in the current study. They
oncluded that in order to minimize costs, a hospital should
mploy more nurses than the average need would indicate. We
ound that although a staffing plan with higher base staffing
ncurred additional staff costs, much of the increased cost was
ffset by savings from reduced hospital stays and such plans
re potentially cost-effective. Differences may arise because
arper et al. (2010) considered only permanent and agency staff,
hereas our models assumed that the first call would be on float-
ng staff and then staff from the internal bank, who are potentially
heaper than permanent staff because of reduced contributions
o pensions for what is, in effect, overtime. Furthermore, Harper
t al.’s study preceded attempts to constrain what were regarded
s excessive charges to the National Health Service for such staff
n the UK ( NHS Improvement, 2018a ). Perhaps most significantly,
arper’s study calculated the full cost of meeting need whereas
ur model included real world constraints, which meant that somehifts were understaffed. Understaffing associated with lower base
taffing rosters accounts for most of the differences in staff costs
etween the staffing plans. 
At the outset, we described a staffing plan with a higher base-
ine establishment as ‘resilient’ because it was designed to ensure
hat enough staff were rostered to meet predictable peaks in de-
and. A key characteristic of a resilient system is its ability to
ope with stressors ( Berg et al., 2018 ). In this respect our findings
how that the resilient staffing plan does indeed cope with the
tress of varying demand more successfully than the alternatives.
hile our findings do not support the use of a flexible staffing plan
ith a low baseline staff roster, all our plans make use of flexible
taffing to some extent. It is clear that some degree of flexibility
as the potential to benefit patients and is likely to be superior
o a fixed staffing plan and so flexible staffing does contribute to
esilience. 
Floating of staff between units in our simulation made a pos-
tive contribution to cost effectiveness. Other studies have high-
ighted that modest use of internal redeployments have the po-
ential to be beneficial, although unconditional use of floating staff
etween units is problematic and may lead to poor outcomes
 Maenhout and Vanhoucke, 2013 ). The presence of staff who are
nfamiliar with the unit means that such staff are unlikely to be
s efficient as permanently assigned staff ( Duffield et al., 2020 ).
he potential harms associated with use of temporary staff might
e minimised by the use of dedicated float pools of staff who are
pecifically trained to work in a range of areas and rostered with
he intention of being available to float between units, although
here is limited direct evidence ( Dall’ora and Griffiths, 2018 ). As-
uming that such float pools are themselves routinely rostered
here is still a need to determine the home unit on which a staff
ember is deployed unless floated. The resilient staffing plan mod-
lled here could provide the basis of such a float team system,
ith some staff from the float team rostered on to units to deal
ith the anticipated peaks in demand but available to be floated
o other units if conditions permitted and required it. Depending
n the overall level of demand, baseline rosters under such a sys-
em might be even higher, reducing the requirement for additional
emporary hires. 
Unless very pessimistic assumptions about life expectancy or
tility of life gained were made for our estimates, it seems likely
hat the cost-effectiveness estimates for the cost per life saved for
he resilient staffing plan would lead to costs per quality adjusted
ife year that sit well below generally accepted thresholds for
efining cost-effectiveness ( Marseille et al., 2014 ). An intervention
hat costs less that the annual per capita gross domestic product
er disability adjusted life year is regarded as highly cost effective
 Marseille et al., 2014 ). The UK per capita gross domestic product
n 2017 was £39,977. If we assume that each death averted in the
urrent model achieves at least one disability adjusted life year,
igher baseline staffing was always cost effective, even under the
ost pessimistic assumptions about the effect of higher staffing
n mortality. 
Other more stringent thresholds have been suggested for defin-
ng acceptable cost-effectiveness ( Claxton et al., 2015 ). The Na-
ional Institute for Health and Care Excellence, the independent
ody charged with evaluating costs and effectiveness for treat-
ents to be provided by the publically funded universal National
ealth Service, categorises drugs that cost £10,0 0 0 per quality ad-
usted life year as providing ‘exceptional value for money’. Depend-
ng on the achieved life expectancy it is possible that higher base-
ine staffing meets even these more stringent thresholds for cost
ffectiveness. Additionally, if the potential adverse effects of tem-
orary staff are considered, the economic argument for the higher
aseline resilient staffing plan, with its lower use of temporary
taff, becomes compelling. 


























































































































On the other hand, because the ‘flexible’ staffing plan is associ-
ted with worse outcomes than the standard, it is easy to reject it
imply because it is not an effective strategy. Given that the stan-
ard approach to determining baseline staff is the norm, the rel-
tive cost-effectiveness does not support a case for disinvestment
nd a move to a lower baseline. Under circumstances where the
ow baseline flexible staffing plan comes closest to providing an
cceptable alternative, the relative cost-effectiveness of the stan-
ard staffing plan approaches the level at which the standard plan
ould dominate in terms of economic decision making, because
he cost per life saved associated with it is so low. Indeed, in one of
ur hospital models the standard plan proved to be both cheaper
nd more effective. 
.1. Limitations 
The use of simulation allows experiments about different
taffing configurations on a scale that would be simply unfeasi-
le in real life. However, although our results appear to be ro-
ust to variation in many of the assumptions in our model and
he simulation was extensively validated, the results are, nonethe-
ess, simulated. We considered only a limited range of costs and it
s possible that adverse events associated with low staffing gener-
te additional costs for the hospital, which would tend to further
educe the cost per life saved for staffing plans with higher base-
ine rosters. The pattern of results was consistent across the three
ospitals in the model but the magnitude of the differences be-
ween staffing plans is sensitive to the hospital configurations and
o cannot be generalised to other hospitals. The estimates of the
ffects of nurse staffing came from a robust longitudinal study un-
ertaken in one of the hospitals that provided data for the mod-
ls. While the evidence that nurse staffing plays a causal role in
ariation in patient outcomes seems compelling, unmeasured con-
ounding and other shortcomings nonetheless potentially bias the
esults of observational studies. However, the substantive conclu-
ions about the relative benefits and cost-effectiveness of higher
aseline staffing were not altered when assuming much lower ad-
erse effects of low staffing. 
We did not directly model any efficiency or effectiveness loss
ssociated with use of temporary staff, although there is some ev-
dence that suggests that there is some loss of productivity and /
r quality when temporary staff are deployed ( Dall’ora et al., 2018 ).
ur secondary analysis considered the potential adverse outcomes
ssociated with heavy use of temporary staff, producing results
hat were substantially more favourable for higher baseline staffing
evels. 
The underlying data on bank staff used to develop the mod-
ls made no distinction between staff who were working volun-
ary overtime on their own unit and other staff employed through
he bank, who would be less familiar with the host unit. There-
ore we were unable to account for differences in these approaches
o flexible staffing in our model. The adverse effect of high levels
f temporary staffing we modelled may be somewhat sensitive to
he mix of staff, although use of overtime has also been associated
ith adverse outcomes. However our results are not qualitatively
ltered by either this effect or the relative costs of staff groups.
his limitation seems unlikely to change substantive conclusions. 
As our model did not seek to predict patterns of demand, rather
o estimate the average effect of a fixed baseline staffing level, we
ampled data for each day at random and did not consider se-
ial correlations. This simulates the average effect over a period
ith a fixed permanent roster with short term responses to vary-
ng demand by deploying temporary staff. If typical demand levels
hanged in the medium to long term, for example due to a sea-
onal pattern, baseline staff levels would need to be altered ac-
ordingly. Thus our model is consistent with guidance from theational Institute for Health and Care Excellence in England, which
ecommends a review of unit staffing plans at least twice a year,
ith additional reviews when changes such as patient case mix,
hich could alter demand, occur ( National Institute for Health and
are Excellence (NICE), 2014 ). 
. Conclusions 
Flexible staffing plans that attempt to make the best use of a
carce nurse staffing resource by minimising the staff that are rou-
inely rostered are likely to harm patients because temporary staff
ay not be available at short notice. Such plans are not efficient or
ffective solutions to nurse shortages. When sufficient temporary
taff are available, there is little reduction in costs or the overall 
umber of staff required, and so this approach does little to ad-
ress nursing shortages. 
A staffing plan using flexible deployments with a low number
f staff on the baseline roster is not resilient, because it is unable
o properly meet varying demand. In contrast, a plan with a higher
aseline staffing set to meet predictable peaks in demand is both
esilient and more flexible, because the ‘excess’ staff are produc-
ive. In the context of a sufficient baseline establishment, flexible
taffing, including floating staff between units, can be guided by
hift-by-shift measurement of patient demand, but proper atten-
ion must be given to ensuring that the baseline number of staff
ostered is sufficient to meet at least average demand or higher.
he apparent risk of overstaffing is unlikely to materialise because
he additional staff contribute to flexible staffing when available to
e floated between units and enhance quality and safety if they
emain in the home unit. Staffing plans with higher baseline staff
evels are highly cost effective. 
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